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NCERT Solutions Class 11 Maths Chapter 4

Principle of Mathematical Induction

Prove the following by using the principle of mathematical induction for all

Question:1

1434 3% 3™ =

-

Solution:

Let P(7) be the given statement.

P(n):143+3%+...43"' =

(3"-1)
1e., 2
For n=1,

(3] —1) 2
ity _E_l, which is true.

Assume that P(K) is true for some positive integer k

1+3+3% +...+43 ' = (Sk _1)
1e., 2

We will now prove that P(k+1) js also true.
Now, we have

L4348, aaft

:>(1+3+32+...+3”")+3“

:@ﬁ%" ..,[ﬁom(l]]

gy (R, P
= — =
2
k
_ (1+2)3 1
2
3x3F -1
2
3k+l_1
2

=

=

Thus P(k+1) i true, whenever © (k) is true.
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Hence, from the principle of mathematical induction, the statement P(n) s true for all natural

numbers i.e., ne N .

Question:2
2
Pl 0 e i =(M—’ :
2
Solution:

Let P(7) be the given statement.

= 2
P(n):P+2°+3 +...+n’ = n(n+1)
1e., | 2
For n=1,
2 12
1(1+1
P(1):1’ =1=[ ( )} =|:1><2 =[1] =1
2 2 , which is true.
Assume that P(K) is true for some positive integer k
2
P+2+3 +.. . +k =|:-k(k—+1):|
1e., 2
We will now prove that P(k+1) js also true.

Now, we have
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P+2 +3 +..+(k+1)
= (13 +20 49 +...+k3)+(k+l)

= [@T +(k +1)° ... from (1)]

k (k+1)

3

+(k+1)

K (k+l) +4(k +1)’

4
(k+1)"[k* +4(k+1)]
4
_ (k +1)2 :kz +4k +4J

4
(k+l)2[k+2)
4

(k+l)(k+2)}

=

=

2

(k+1)(k+1+1)}

Thus P(k+1) i true, whenever © (k) is true.

Hence, from the principle of mathematical induction, the statement P(1) is true for all natural

numbers i.e., ne N.

Question:3

1+ L + - +.o.+ - = 2n s
(1+2) (1+2+3) (1+2+43+...n) (n+1)

Solution:

Let P(7) be the given statement.

2n

1 1 1
P(n):1
ie., () +(l+2)+(1+2+3)+ +(l+2+3+...n
For n=1,
2x1 2
P(l):1= ==
) (1+1) 2 , which is true.

Assume that P (%) is true for some positive integer k
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1+ ! + ! ot ! . 28 (1)
ie, (1+2) (1+2+3) T (142434.0k)  (k+1)

We will now prove that (k+1) is also true.
Now, we have
1 1 1

1+(1+ 2)+ (1+2+3) +m+(1+2+3+...(k+1))

1 1 1 1
+(1+2)+(1+2+3)+m+(1+2+3+...k)}r(1+2+3+...+k+(k+1))

2k 1
:>(k+1)+(1+2+3+...+k+(k+1)) ...[from(l)]

2k 1
T ) (ke kr2)
2
2

n(nJrl)
2

{ 1+2+3+...+n=

2k N
k+1) (k+1)(k+2)
:2k(k+2)+2
(k+1)(k+2)
2K+ 2k +1)
T k) (k+2)
2(k+1)
(k+1)(k+2)
2(k+1)
(k+2)
- 2(k+1)
(k+1)+1

B

Thus P(A+1) is true, whenever © (k) is true.

Hence, from the principle of mathematical induction, the statement P(n) is true for all natural
numbers i.e., ne N.
Question:4

123+234+...+n(n+1)(n+2)= ”("“)(”:2)(“3).

Solution:

Let P(7) be the given statement.

o P(n):123+23 444 n(n+1)(n+2)= "(””)(”: 2)(n+3)

For n=1,
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1(1+1)(1+2)(1+3)=1_2,3,4=6

B3 =6= 4 4 , which is true.
Assume that P (%) is true for some positive integer k
12342344k (k+1)(k+2)= k(“l)(k: 2)(%+3) (1)

We will now prove that P(k+1) s also true.
Now, we have

1.23 +2‘3‘4+...+(k+l)[(k +1)+1][(k+l)+ 2]
=[1.23+234+. +k(k+1)(k+2) |+ (k+1)(k+2)(k+3)

= HEDEED) iy ks2)(k+3) . [from (1)]
. k(k+1)(k+2)(k+3)+4(k+1)(k+2)(k+3)

4
k1) (k+2) (k +3)(k + 4)

4

4
:>(k+1)[(k+1)+1:|[(k+l]+2][(k+1)+3:|
4

Thus P(k+1) i true, whenever © (%) is true.

Hence, from the principle of mathematical induction, the statement P(n) is true for all natural
numbers i.e., ne N.

Question:5
_(2n-1)3"" +3
- 3 )

1.3+2.3%+3.3 +...+n3"

Solution:

Let P(7) be the given statement.

. n+l
o P(n):1.3+2.32+3.33+...+n.3"=(2” 1)43 L
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For n=1,

(2x1-1)3"'+3 1343 12
4 4 4 , which is true.

P(1):13=3=

Assume that P(%) is true for some positive integer k

_ k+1
. 13423433 .. +k3 =K 113 i (1)

We will now prove that P(k+1) js also true.
Now, we have

1.34+2.3* +3.3% +...+ (£ +1).3*!
:‘»[1.3+2.32+3.33+...+k.3"]+[k+l)_3’“‘
0 | 3k+1 3
:>( 31 + +(k+1)3k+1 ...[f}:‘o‘n’l(l)]
_ (2k-1)3"" +1+4(;fc+1)_3’“l
3 (2k 1) +4(k+1)]+3
4
:>3"“[zk—1+4k+4]+3
4
3*'[6k+3]+3
—
4
3+1.3[2k +1]+3
4
[2k+2-1].3%" +3
—
4
2k+1)-1 3(k+l}+l 3
_ 2k 4] +

—

=

Thus P(A+1) is true, whenever P(k) is true.

Hence, from the principle of mathematical induction, the statement P(n) is true for all natural
numbers i.e., ne N.

Question:6

1.2+2.3+3.4+...+n.(n+1)=["("+lg(”+2)}.
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Solution:

Let P(7) be the given statement.

P(n):1.2+2.3+3.4+...+n.(n+1)={n(n+l)(n+2)J

1e., 3
For n=1,
P(l):1_2=2={1(I+1)(1+2)}: 123 _,
3 3 , which is true.
Assume that P(%) is true for some positive integer k
| 1.2+2.3+3.4+...+k.(k+1)=[k(k+];(k+2)] (1)
ie.,

We will now prove that (k+1) s also true.
Now, we have

12423434+, +(k+1)[(k+1)+1]
=[1.2+423+34+..+k(k+1) |+ (k+1)(k+2)

:,»{k(’”g(’“z)}(ml)(mz) ...[from (1)]

- k(k+1)(k+2)+3(k+1)(k+2)
. (k+1)(k+2){k3+3)

3
_ (k+1)[(k+1)+1][(k+1)+2]
3

Thus P(A+1) is true, whenever © (k) is true.

Hence, from the principle of mathematical induction, the statement P(n) is true for all natural
numbers i.e., ne N.

Question:7
n (4?:2 +6n— 1)

1.3+3.5+5.7+...+(2n-1)(2n+1) = -

Solution:

Let P(7) be the given statement.
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n(‘il-n2 +6n—1)

) P(n):l.3+3.5+5‘?+...+(2n—1)(2n+]):
ie.,

3
For n=1,
1(4.12+6.1—1)

P(1):13=3= -

9
3 , which is true.

Assume that (k) is true for some positive integer k&

k(4k2+6k—l)
. 13435457 +...+(2k-1)(2k+1) = :
1.e.,

We will now prove that ¥ (£+1) is also true.
Now, we have

1343.5+5.7+...+[ 2(k+1)-1][ 2(k+1)+1]
= [13435+57+...+(2k—-1)(2k+1) |+(2k +1) (24 +3)

:[k(4k2;6k_1)]+(4k2+8k+3) ..[ from (1) ]

F(4k° + 6k —1)+3(4%" + 8k +3)
3
_ 4k3+6k2—k+312k2+24k+9
= 4k3+18k;+23k+9
_ 47 + 1457 + 9k + 4% +14k+9
3
k(4% +13k +9)+ (46" +14k +9)
3
(k+1)(4%° +14k +9)
3
(k+1)(45 +8k+4+6k+6-1)
3
(k+1)[ 4(k" + 2k +2)+6(k +1)-1]
3
(k+1)[ 4(k+1)"+6(k+1)-1]
3

—

—

)

=

)

=

Thus P(k+1) is true, whenever © (k) is true.
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Hence, from the principle of mathematical induction, the statement P(1) is true for all natural
numbers i.e., ne N.

Question:8
124222432 +...+n2" =(n—-1)2" +2.

Solution:

Let (n) be the given statement.
ie, P(n):1242.2° 43.2° +...+n2" =(n~1)2" +2

For n=1,
P(l):1.2=2=(1—1)2”1+2=0+2=2, which is true.

Assume that P(%) is true for some positive integer k
ie., 12+200 3 4t B2 = (£ —-1)2"" +2 (1)

(k+1)

We will now prove that £ is also true.

Now, we have
124227 +3.2° +...+(k+1).2"

=[12+42.22+3.2° ...+ k2" |+(k+1).2"

= (k-12"" +2+(k+1).2"" ..[ from (1)]
=[(k-1)+(k+1)]2"" +2

=2k2% 42

= k20 42

= [(k+1)-1]2%"" +2

Thus P(k+1) i true, whenever © (k) is true.

Hence, from the principle of mathematical induction, the statement P(n) s true for all natural
numbers i.e., ne N.
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Question:9
1 1 1 1 1
—F—4—F =1-—
2 4 8 2" 2"
Solution:

Let P(7) be the given statement.

P(n):—+—+l+ P
1.€., 27 2"
For n=1,
P(l):l=1—il=l—l=l D
2 2 2 2, which is true.

Assume that P(K) is true for some positive integer k

1 1 1 1 1
L —t—t =t —=]-— -
e, 2 4 8 2* 2* ()

We will now prove that P(k+1) js also true.
Now, we have

1 1 1 1
e
2 4 8 e

I 1 1 1 1
=S|ttt [
2 4 8 24 2

S M ..[ from (1) ]

Thus P(A+1) is true, whenever © (k) is true.

Hence, from the principle of mathematical induction, the statement P(n) s true for all natural

numbers i.e., ne N.
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Question:10

R IPYE PV ENT I S
25 58 811 (3n-1)(3n+2) (6n+4)

Solution:

Let P(7) be the given statement.

P(n)im—t 4 1 =—
25 58 B.11 (3n-1)(3n+2) (6n+4)

1.€.,
For n=1,

T N P .
2.5 10 (6.1+4) 10 which is true.

Assume that P(K) is true for some positive integer k

1 1 1 k
—_— G T o =
58 811 (3k—l)(3k+2) (6k+4)

8
1.€., 2.5
We will now prove that P(k+1) s also true.

Now, we have
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111 1
25 58 811 " [3(k+1) 1] 3(k+1)-2]

11 1 1

125 58 81 (3k-1)(3k+2)| (3k-2)(3k+5)
k 1

T (6k+4) (3k+2)(3k+5) | rom (1)

k 1
T 23k 2) (3 2)(3k -+ 5)

1 [k 1
:>(3k+2)5+(3k+5)}

1 [k(3k15)+2
T Bke2)  2(3k+5) }

1 3+ 5k+2
j—
(3k+ 2) | 2(3k+ 5)

1 3k +3k+2k+2
j—

(3k+2)7 2(3k+5)
1 3k(k1)12(k+1)
(3k+2)7 2(3k+35)

1 | (k+1)(3k+2)
T Bkr2)| 2(3+5) }
(k+1)
~ {6k +10)
(k+1)
ﬂ[(6k+6)+4}
(k+1)
:)[6(k+1)+4]

Thus P(A+1) is true, whenever © (k) is true.

Hence, from the principle of mathematical induction, the statement P(n) is true for all natural
numbers i.e., neN.

Question:11

R ! n(n+3)
+ + it = '
123 234 345 n(n+1)(n+2) 4(n+1)(n+2)

Solution:

Let P(7) be the given statement.
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L1 1 n(n+3)

P(n): =
ie () 1.2.3+2.3.4+3.4.5+ +n(n+])(n+2) 4(n+1)(n+2)

*

For n=1,
11 1(1+3) 1.4

P(1)e =—= = -
123 6 4(1+1)(1+2) 423 6 which is true.

Assume that P(k) is true for some positive integer k

111 I k(k+3)
+ + ot =
ie, 123 234 345 7 k(k+1)(k+2) 4(k+1)(k+2)

We will now prove that P(k+1) js also true.
Now, we have

WWwWW.CUEMATH.COM
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1 1 1 1
+ + ot
123 234 345 (kD (k+1)+1] (k+1)+2]

1 1 1 1 1
MEvEN 2.3.4+3.4.5+"'+k(k+1)(k+2)}+ (k+1)(k+2)(k+3)
k(k+3) 1
Ak (k+2) ey (k+2)(k+3) - from (1)

k(k+3) 1 }

1
T k+2) 4 (ke3)

T kHl)(k+2)  4(k+3)

1 k(k+3)2+4}

1 k(k2+6k+9)+4
T k) 4(ki3)

K6k +9%+ 4
kF+2)  4{k+3)

1

(

. 1 _k3+2k2+k+4k2+8k+4}
(k+1)(k+2}] 4(k+3)

_ 1 k(k2+2k+1)+4(k2+2k+1)]
(k+1}(k+2) 4(k+3)

1 (k+4)(k2+2k+1)
k+1}k+2) 4(k+3)
(

Bl

. 1 (k+4) k+1)2]
(

k+1)(k+2)|  4(k+3
(k+1)(k+4)
4(k+2}(k+3)

(k+1) (k+1)+3]
A (k+1)+1][ (k+1)+2]

Thus P(k+1) is true, whenever (%) is true.

Hence, from the principle of mathematical induction, the statement © (7) is true for all natural
numbers i.e., ne N.

a+ar+ar’ +...+ar"' =

WWW.CUEMATH.COM
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Solution:

Let P(7) be the given statement.

5 - a.(r”—l)
. P(n):a+ar+ar +..+ar =———~
1.e., r—1

For n=1,

a(r'-1) a(r-1)
P(1):a= pa] sl _a,whichistrue.

Assume that P(%) is true for some positive integer k

. a(r"‘—l)
. at+ar+ar +...+ar _
1.e., r—1

k=1

We will now prove that (k+1) s also true.

Now, we have

at+ar+ar+...+ arlm)_l

— [a+ar+ar2+...+ark"l]+ar*

= a_(:i_;l)‘ +art i .[from (1)]

a(r" —1)+ar" (r-1)

r—1

=

Thus P(A+1) is true, whenever P(k) is true.

Hence, from the principle of mathematical induction, the statement P(n) is true for all natural

numbers i.e., ne N.

Question:13

[1+%][1+%](1+%}..(1+(21—j1)}= (n+1)".

Solution:

Let P(7) be the given statement.
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R R e

P(l):[1+%)=4=(l+l)2 =22=4

4

For n=1,
, Which is true.

Assume that P(%) is true for some positive integer k
[1+§](1+§J[1+1}.. ) (1)
ie., 1 4 9 k

We will now prove that © (k+1) is also true.

Now, we have
(H%\ [1+%J[1+Q...[1+%]

S (S ROy

= (k+1) 1+%} ...[from (1)]

(k1) (k+1)2+(221<:+3)}
L (k+1)

:,>(k+1)2 +(2k +3)

=k +2k+142k+3

= k*+4k+4

= (k+2)

= (k+1+1)

Thus P(A+1) is true, whenever © (k) is true.

Hence, from the principle of mathematical induction, the statement P(n) is true for all natural
numbers i.e., ne N.

Question:14

) S

WWW.CUEMATH.COM
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Solution:

Let P(7) be the given statement.

o 0ot e

P(l):[l+ﬂ=2=(l+l)=2

For n=1,
, which is true.

Assume that P(%) is true for some positive integer k

o [1+ﬂ[1+%][1+%)_,,(1+%]=(k+1) (1)

(k+1)

We will now prove that P is also true.

Now, we have

RS

!
k;; ] ...[ from (1) ]

Thus P(k+1) i true, whenever © (k) is true.

Hence, from the principle of mathematical induction, the statement P(n) is true for all natural
numbers i.e., neN.

Question:15

i £ ot (2a1f = P22 D24
5 :

Solution:

Let P(7) be the given statement.

WWW.CUEMATH.COM
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BT e 5 3 1) <AL )
ie., ' 3

For n=1,
1(2.1-1)(2.1+1) 1.1.3
—_— =1 . .
3 3 , which is true.

P{1)c " =1=

Assume that P(%) is true for some positive integer k

11+32+52+...+(2k—1)2=k(2k_2(2k+1) i1}

1.e.,

(k+1)

We will now prove that P is also true.

WWwWW.CUEMATH.COM
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Now, we have

P43 +5 4.4 2(k+1)-1T
= [12 +3% 45 +...+(2k—1)2:|+[2k+1)2

- k(2k-1)(2k+1) +(2k+1)°
3

_ k(2k=1)(2k+1)+3(2k +1)’

(2k+1)

3

k(2K -1)+3(2k +1)

=

_ (kD)

3

:Zkl-k+6k+3]

(2k+1)

3

2 +5k+3]

=

_ (2k+1)

3

| 2k* + 2k + 3k +3]

_ (k4]

3

| 2 (ke +1)+3(k+1) ]

_

3

2k +1)(k+1)(2k +3)

=

3

(k+1)[2(k+1)-1][2(k +1)+1]

3

Thus P(A+1) is true, whenever © (k) is true.

Hence, from the principle of mathematical induction, the statement P(n) is true for all natural

numbers i.e., ne N.

Question:16

1 1

1

1

n

12737 710 Bn-2)@3at1) (a+l)

Solution:

Let P(7) be the given statement.

...[fmm (1)]

n

+m+(3n—2)(3n+l)

1
(3.1+1) 4 which is true.
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Assume that P(%) is true for some positive integer k
ST T - - - (1)
ie, 14 47 710 7 (3k-2)(3k+1) (3k+1)

We will now prove that © (k+1) is also true.
Now, we have

11 1
147477710 T B+ -2][3(k +1)+1]
1.1 1 1 1
11227 710 7 B -2) Bk +1) | (R +1)(3k +4)
k 1
3k +1) " (3k +1)(3k +4) s )
k(3k+4)+1
= Gk +1)(3k +4)
3k +4k +1
= (k +1)(3k +4)
_ K3k +k+]
(3% +1)(3k +4)
3k (k +1)+(k +1)
- (3k +1)(3k +4)
(3k +1) (k +1)
(3k +1)(3k +4)
(k+1)
MEEE

1

Thus P(A+1) is true, whenever © (k) is true.

Hence, from the principle of mathematical induction, the statement P(n) is true for all natural
numbers i.e., ne N.

Question:17
i+L+L+ + ! = =
35 57 79 77 (2n+1)(2n+3) 3(2n+3)

Solution:

Let P(7) be the given statement.
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P(n): + +L+...+ l_ = ”
e 35 57 79 7 (2n+1)(2n+3) 3(2n+3)

For n=1,

(| P N e S

I
3.5 15 3(2.1+3) 3.5 15 which is true.

Assume that P(K) is true for some positive integer k
LN s T ! . (1)
ie,35 57 79 7 (2k+1)(2k+3) 3(2k+3)

We will now prove that (£+1) is also true.

Now, we have
1 1 1 1

35 57 19 +"'+[2(k+1)+1][2(k+1)+3]
3 7

1 1
7.9 "'+(2k+1)(2k+3) ’ (2k +3)(2k +5)

1
505
k 1
T 3(2k+3) (2 +3)(2k+5) [ from (1)
k(2k+5)+3
T 32k +3)(2k+5)
- 2k* +5k+3
3(2k +3)(2k +5)
2k +2k +3k+3
3(2k +3)(2k +5)
2k (k+1)+3(k+1)
3(2k+3)(2k+5)
(2k+3)(k +1)
3(2k +3)(2k +5)
(k+1)
3(2k +5)
. (k+1)
3[2(k+1)+3]

Thus P(k+1) g true, whenever P(k) s true.

Hence, from the principle of mathematical induction, the statement P() is true for all natural
numbers i.e., ne N.
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Question:18

1+2+3+...+n<%(2n+1)2.

Solution:
Let P(7) be the given statement.

. 1 2
e P(n).1+2+3+...+n<8(2n+])

We note that P(n) is true for n=1,
Since,

3 1

1 9
Pll):1<—=(2.1+1) ==—=1—
(:a<i@reny =2

Assume that P(%) is true for some positive integer k

1 2
1+2 —(2k+1 - |
e +243+ +k<8(2 +1) (1)

We will now prove that P(k+1) is true whenever P (k) is true
Now, we have

1+2+3+...+k<%(2k+l)2 [ from (1)]
l+2+3+...+k+(k+1)<%(2k+l)2+(k+l)
1 2
<E[(2k+l] +8(k+1)]
<1[4k1+4k+1+3k+8]
8
1
<§[4k2+12k+9:|
<%[2k+3]2

<%[2(k+1)+1]2

Thus P(k+1) is true, whenever P(k) is true.

Hence, from the principle of mathematical induction, the statement P(n) is true for all natural

numbers i.e., ne N.
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Question:19
n(n+1)(n+5) js a multiple of 3.

Solution:
We can write

P(n):n(n+1)(n+5) is 5 multiple of 3.

We note that

P(1):1(1+1)(145) =1.2.6 =12 which is a multiple of 3.

Thus P(”) is true for n=1

Let P (k ) be true for some natural number £,
ie., P(k) k(k+1)(k+5) is a multiple of 3.

We can write
k(k+1)(k+5)=3a (1)
where ae N .
P(k)

Now, we will prove that P(k+1) is true whenever is true.

Now,

(k+1)[(k+1)+1][(k+1)+5]
= (k+1)(k+2)[(k+5)+1]
= (k+1)(k+2)(k+5)+(k+1)(k+2)
= (k+2)[(k+1)(k+5) ]+ (k+1)(k+2)
= [k(k+1)(k+5)+2(k+1)(k+5) ]+ (k +1)(k+2)
= [3a+2(k+1)(k+5)]+(k+1)(k+2)
= 3a+(k+1)[2(k+5)+(k+2)]
= 3a+(k+1)[2k+10+k+2]
= 3a+(k+1)[3k +12]
= 3a+3(k+1)(k+4)

)
=3[ a+(k+1)(k+4)]

From the last line, we see that

a+(k+1)(k+4)] 5 multiple of 3.
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Thus P(k+1) i true, whenever © (k) is true.

Hence, from the principle of mathematical induction, the statement P(n) is true for all natural

numbers i.e., ne N.

Question:20
10" +1 is divisible by 11.

Solution:
We can write

P(n):10"" +1 g divisible by 11.

We note that
P(1):10"7" +1=10+1=11 which is divisible by 11.

Thus P(”) is true for n =1

Let (k ) be true for some natural number £,

ie., P(K):10"7 +1 jg divisible by 11.

We can write

10%" +1=1la (1)
where ae N .
Now, we will prove that (¥ +1) is true whenever P (k) is true.

Now,
TR
=10%" +1
=107 (10"")+1
=107 (10%7 +1-1)+1
=107 (107 +1)-107 +1
=10%11a-100+1 [ from(1) ]

=10%11a-99
= 11(100a-9)
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From the last line, we see that

11(100a-9) js divisible by 11.

Thus P(A+1) is true, whenever P(k) is true.

Hence, from the principle of mathematical induction, the statement P(n) is true for all natural
numbers i.e., ne N.

Question:21

x" =y is divisible by x+

Solution:
We can write

P(n):x™ =" is divisible by X+ .
We note that

P(1):x* = y* =x* —y* =(x+y)(x =) which is divisible by *+ .
Thus P(”) 1s true for n=1
Let P (k ) be true for some natural number £,

ie, P(K):x™ =y is divisible by X+ .

We can write
x —y* =a(x+y) (1)
where ae N .

Now, we will prove that P(k+1) js true whenever (k) is true.

Now,
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L2 _ yz(m)

—y 242 _yzhz

= ()5 ()
() ()

= x* (x* =)™ )+ 2y = y? ()

= x’a(x+y)+y* (x2 —yz) [from(l)]
= xla(x+y)+y* (x+y)(x-y)

=5 (.\:-i-y)[avic2 +(x—y)y2"]

From the last line, we see that

(x+y)[ @ +(x=2)" Jis divisible by X+ .

Thus P(A+1) is true, whenever © (k) is true.

Hence, from the principle of mathematical induction, the statement P(n) is true for all natural
numbers i.e., ne N.

Question:22
3*"** —8n—9 is divisible by 8.

Solution:
We can write

P(n):3" =819 i divisible by 8.
We note that

P(1):37" -8.1-9=3"-8-9=81-17 =64 wpjch is divisible by 8.
Thus P(n) is true for n=1
Let P (k ) be true for some natural number £,

e, P(K):3"7 =8k =9 is divisible by 8.

We can write
3% —8k—9=8a (1)
where ae N .
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Now, we will prove that P(k+1) js true whenever (k) is true.

Now,
3 _g(k+1)-9
= 3% -8k -8-9
= 373" —8k-17
= 37(3%*7 -8k -9+ 8k +9) -8k —17
=37 (3" -8k —9)+3*(8k+9) -8k —17
= 3".8a+72k +81-8k~17 [ from (1) ]

= 9.8a+ 64k + 64
= 8(9a+ 8k +8)

From the last line, we see that

8(9a+8k +8) is divisible by 8.

Thus P(A+1) is true, whenever P(k) is true.

Hence, from the principle of mathematical induction, the statement P(n) is true for all natural
numbers 1.e., ne N.

Question:23
41" —14" is a multiple of 27.

Solution:
We can write

P(n):41"—14" i o multiple of 27.
We note that

P(1):41'=14"=41-14=27 which is a multiple of 27.

Thus P(”) is true for n=1

Let P (k ) be true for some natural number £,

ie., P(k):41" 14" 4o o multiple of 27.

We can write
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41* ~14* =274 (1)
where ae N .

Now, we will prove that P(k+1) is true whenever P(¥) is true.

Now,
414 14"
= 4141 -14.14*
= 41.(41° - 14" +14°) 14144
= 41.(41° - 14%)+41.14* —14.14*
= 41.27a+14* (41-14) [ from(1) ]
= 4127a+14*27
=27(4la+14")

From the last line, we see that
27(41a+14")

is a multiple of 27.
Thus P(k+1) is true, whenever © (k) is true.

Hence, from the principle of mathematical induction, the statement P(n) is true for all natural
numbers i.e., ne N.

Question:24
(2n+7)<(n+3)".

Solution:

Let P(7) be the given statement.

ie., P(n):(2n+7)<(n +3)2
We note that P(%) is true for n=1 ,
Since,

P(1):(2.1+7)=9<(1+3)" =16

Assume that P(%) is true for some positive integer k
ie. (2k+7) < (k+3)’ (1)
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We will now prove that P(k+1) is true whenever (k) is true
Now, we have

2(k+1)+7=2k+2+7
2(k +1)+7=(2k+7)+2<(k+3)2+2 [from(l)]
(2k+7)+2<(k+3) +2

<k +6k+9+2

<k*+6k+11
Now,

|:(k+1)+3:|2 =(J’c+4)2

=k?+8k+16
Since,

kK2 +6k+11<k*+8k+16
Therefore,

2(k+1)+7 <(k+4)2
[2(k+1)+7]<[(k+1)+3]

Thus © (k +1) 1s true, whenever ' (k ) 1s true.

Hence, from the principle of mathematical induction, the statement P(n) is true for all natural
numbers i.e., neN.
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